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rhe reaction is usually carried out in an 
Q as the source of lithium: 

Dm teniperature and the Li^TiSj solid 
, with hexane. n-Butyl Uthium is a very 
/ely mild; agents which have a higher 
;e further jeduction of the chalogenide to 
to ,'fgi vet lower chalcogenides or even 

an electrochemical method j shown in 
le-by .bonding on to a metal grid with ia 
i Li "^-containing electrolyte, e.g. LiC104 
t, dioxolane: A sheet of Uthium metal is 
es as the anode. On closing the external 
an electron current flows in the external 
tn the anode, through the electrolyte, to 
TiSj. The rate of intercalation and its 
irticular x value) may be controlled by 
the cell. Prior to reaction, the cell shown 
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couple considerable potential for energy storage (see Chapter 13). A battery 
constructed in this way has three to four times the energy stored in a lead-acid 
battery of the same weight. ^ ^ ^ 

The two methods described for the s>Tithesis of Li^^TiSj are typical of a large 
variety of possible intercalation reactions. By ^ such methods it is possible to 
intercalate other alkali cations, Cu"^, solvated ions, Ag"^,~H'^, NH3, organic 
amines (i.e. molecules that can donate electrons and therefore act as Lewis bases) 
and metallocenes. Also, a large number of layered and tumiel compounds are 
capable of intercalatioii. As well as graphite and the disulphides and diselenides of 
many transition metals, the hst includes Ta2S2C, NiPSj, FeOCl, V2O5, M0O3, 
TiOj, MnOj, WO3, etc. A particularly well-known' example, which is not 
discussed further here, is the fonnation of tungsten bronzes, e.g. Naj,W03, by 
reaction of WO3 and sodium metal.' " - 

2.4.3 Ion exchange reactions . . 

In structures which contain, for instancy, an anion array that has open layers or 
interconnected channels; it may be possible to replace some of the cations by ion 
exchange and thereby syntjiesize new compoiirids, This has been done in the fir 
alumina family of compounils, whose layered structure is stidwi schematically in 
Fig. 2.11. The stnicture consists of 'spinel blocks^ apppximately 9 A thick, that 
are separated from each:other by:relatively_:pp^n -conduction planes'.. .These 
conduction planes contaih;(a) bridging oxygenratoms that act as props, betwee;n 
the ispinel blocks and|(b) Na.^» ions which are mobile and impart to. j3ralumina its 
solid^electrolyte p,rppertiesV;By jmnersing^^Talumina^^^^^ suitable molten salts at, 
for^exampie, 30Q,°Cv it/is, possible tO:5ion: exchange Na"^ for ajarge lyariety of 
cations such as Li J, K^,;Rl)^, Ag*, Cu\ Tl-'vNH^ , InT, Gai^, NO^.and H3O+. 
More recently, ithas been found thatdivalent cations.such as Ga^ v may enter the 
conduction-planesiby inMiiersing. in molten salts at 600 to 800°G (to maintain 
electrpneutrality, each .Ga?.^ replaces -two Na^ ions).-The extent of »the ion 
exchange under equilibrium conditions depends ^bn the ^ melt composition, as 
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Fig. 2.12 EquiUbria between )?-aluimria and bi- ^ ^ 
nary niuate melts at 300 to 35Q°C. (From \;ao . 

' .and Kummer/ 1967) ' ' ' ' " * 

shown in Fig. 2.12 for^ the equiHbriaTbetweeir'^^lumina crystals and* biriai^ 
nitrate melts containing NaNdg -and another metal nitrate at 300 ■ to ^350 °C. 
Thus, it is particularly easy to excfiiange Na for Ag . Also, it is possible to effect a 
contrbUed partial iion- exctiange^by^^ontrbllirig the co'mposition of the nitrate 
naelt.'^Idn yexchahged^^jS-aliim may- also^^^be prepared by^'electfocheinical 
methods,? 'similar to' those described in the -preceding section.' ^: 

'lon excharige reactions' ha V in cbnsidefable detail in ^^alunoiihai 

but the same principles could probably (be^applied tQ ^jwide)variety:6fxrystals, 
especially alkaU--K:ontaining crystals! Ion exchahgeieac^^^ constrained by 

both kinetic aifd thermodynamic factorsrKirietic factors are influenced largely by 
the mobility bWbnsi it elevated temperatures,^e:g;^^v300v6;a are often 

quite mobile in crystals tan'd ie' capable *of4pii exbhange'on imniersion' in k 
suitable Welt. Thus^ Ag^Si50|,^/which sitructiire, has been^ 

prepared by inunersing NajSijOg crystals in naolten AgNOg at 280 °C. However, 
it is considerably more difficult to replace^dr introduce jons with a valency greater 
than unity since such.ionsjom st^^ or covalent, and 

tend to be immobile. Much higherlempeirattu'es inay^th|refpre be necessary to 
effect their ion exchange. v\ '"^J^^' ^^\\^^ 

Whereas the rate of ion exchange depends pn kine'tic fact^ the extent of ion 
exchange, if indeed it occurs at aU^^depends otf thermpdyna factors, as shown 
in Fig. 2.12 for jS-alumina. lon^ejuihange involves eqm of ions between the 
crystal and the naelt and, in particular,- de^^^^^ of the two cations 

involved in the crvstal and in the melt>-' ^-^ ^ 



involved in the crystal and in. the.melt.^ _ 



2.4.4 Synthesis of new metastable^has^'b^^^ 

The precursor methods desOTbeM'i^^^ have the 

advantage that reaction takes place at much lower temperatures than when using 
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